Abstract Recognized as one of the trends of the 21st century, globalization of the world economies brought significant changes to nearly all industries, and in particular it includes software development. Many companies started global software engineering (GSE) to benefit from cheaper, faster and better development of software systems, products and services. However, empirical studies indicate that achieving these benefits is not an easy task. Here, we report our findings from investigating empirical evidence in GSE-related research literature. By conducting a systematic review we observe that the GSE field is still immature. The amount of empirical studies is relatively small. The majority of the studies represent problem-oriented reports focusing on different aspects of GSE management rather than in-depth analysis of solutions for example in terms of useful practices or techniques. Companies are still driven by cost reduction strategies, and at the same time, the most frequently discussed recommendations indicate a necessity of investments in travelling and socialization. Thus, at the same time as development goes global there is an ambition to minimize geographical, temporal and cultural separation. These are normally integral parts of cross-border collaboration. In summary, the systematic review results in several descriptive classifications of the papers on empirical studies in GSE and also reports on some best practices identified from literature. Empir Software Eng (2010) 15:91-118 
Introduction
Globally distributed software development gained momentum as it promised spectacular benefits. However, it also attracted attention due to the complexity and challenges related to globally distributed development teams. The challenges relate to aspects such as economical, technical, organizational, and cultural issues to those arising from different time zones, languages, and geographical locations (Damian and Moitra 2006). Thus, the expected benefits are challenged from many different aspects, and hence this article focuses on providing a systematic review of the area of globally distributed software development to systematize the empirically documented challenges as well as looking for empirical evidence concerning solutions in this type of situation.
The concept of global software engineering (GSE) originates from contract programming, which was a form of outsourcing known from the 1970s (Lee et al. 2000) . In contrast to outsourcing, GSE addresses software engineering activities performed by globally distributed teams. Software development became global in the 1990s as a consequence of the PC revolution (Carmel 1999 ) and sequential problems of tight budgets, shortage of resources and time motivated many companies to start looking for partners or to set up development sites in different countries. As an outcome of this evolution, many companies built joint ventures and relocated their development centers to low-cost countries. However, soon practitioners started to realize that globally distributed development, in particular from a project management perspective, is considerably more challenging than even the most complex project managed entirely in house (Karolak 1998) . Therefore, empirical research results are needed to help understand the challenges with the aim of helping practitioners to improve performance of global software teams. This demand for empirical results is growing as a consequence of an increasing number of internationally distributed software organizations.
Despite the popularity of the topic, the art and science of global software development is still evolving (Damian and Moitra 2006). The results presented by empirical studies and expert reports are still controversial. While some show crucial impediments emphasizing the high amount of failed projects (e.g. (Carmel and Abbott 2007) ), others report best practices and lessons learned within success stories (e.g. Battin et al. 2001 )) though often admitting that the success was not easily achieved. The majority of empirical research seems to be exploratory in nature and focuses on identifying the problems caused by distribution, and possible solutions are discussed in quite general terms. Yet, there is still no standard or recipe for successful GSE performance. In addition, lessons learned often focus on structuring success factors, but give little guidance on how to actually achieve success. In addition, due to the diverse scenarios enabled by different forms of global collaborative work, lessons learned in one context may not directly apply in another context (Smite et al. 2008 ). This means that learning from existing literature may require considerable effort for practitioners to understand the applicability of the offered findings, putting increased demands on researchers to explicitly and clearly state context and circumstances when reporting empirical results.
Independent of state-of-practice, the number of companies starting global software development grows every day and it is today the "normal" way of doing business (Damian and Moitra 2006; Carmel and Abbott 2007). Many of these companies lack the experience and expertise needed and thus managers are experimenting and quickly adjusting their tactical approaches (Carmel and Agarwal 2001) . This motivates us to systematically evaluate the status of the field of global software engineering from an empirical perspective, and provide guidance for future progress. It is worth noting that the scope of this systematic review is limited to the boundaries of the software engineering discipline, which is reflected in our search strategy and search terms. To the best of our knowledge no systematic review in the area of global software engineering with a focus on empirical results exists. The overall objective of our systematic review is to capture the current empirically evaluated knowledge in the area and to identify needs and opportunities for future research.
The remainder of the paper is structured as follows. In Section 2, the research questions for the systematic review are presented. Section 3 provides an outline of the methodology used in the systematic review. The results of the review are presented in Section 4, and conclusions based on the findings are presented in Section 5.
Research Questions
To understand state-of-the-art in global software engineering, in terms of gaps and commonalities in existing empirical results, the following two research questions were formulated.
Global software engineering is not new and has been practiced in industry for quite some time. Nonetheless, related research indicates that the art and science are still evolving (Damian and Moitra 2006). There are indications of success and total failure, indications of vast amounts of variations in contexts and yet no clear guidance for applying the right practices in the right situation. The main driver for conducting the systematic review was to identify gaps and commonalities in empirical research related to GSE and sum up the existing practices to answer the questions: who, where, what, how and why in distributed software work. The research questions are formulated to form a baseline for state-of-the-art and hence the objective is that the systematic review should form a stepping-stone for both future research and for practical use by practitioners. Thus, our first question is as follows: RQ.1: What is the state-of-the-art in empirical studies of GSE? Furthermore, we aimed to understand the existing research directions within global software engineering and in particular empirical research on the topic. The latter is particularly important since it provides information about what we actually know in terms of having evidence. Empirical findings may vary due to the strength of the studies, taking aspects such as sources of evidence and research approaches into account. Many researchers exploring the impact of a GSE environment use synthetic studies or student experiments. While some studies try to test hypothesis, by evaluating methods or tools (empirically-evaluated), others present surveys that are more exploratory in nature (empirically-based). The strength of the empirical evidence in the field provides important information when making decision both about future research and how to practice distributed development globally. Thus, the second research question is:
RQ.2: What is the strength of the empirical evidence reflected in the empirical GSE literature?
Review Outline
The systematic review can be divided into planning, realization and reporting activities each of which consists of several steps. Four researchers were involved in the review and it took around 1 year to complete. An outline of the review can be seen in Fig. 1 , illustrating the planning, realization and reporting processes on a time scale and the outcomes produced as part of each process. The planning activity is concerned with developing the review protocol as well as deciding how the researchers should interact and work to conduct the systematic review. In addition, improvements in the review process are shown. The overview of the realization activity reflects the steps taken in the process of conducting the systematic review. The reporting activity shows how the pilot report and the final report evolved. Finally, the outcomes are described in terms of protocols, forms and also how the number of relevant papers changed as the systematic review process progressed. A more detailed description of the review process can be found online.
1
The systematic review was conducted according to the procedure described by Kitchenham and Charters (2007) . We first developed the systematic review protocol that prescribed a controlled procedure for conducting the review. The protocol included research questions, search strategy, evaluation strategy and inclusion/exclusion criteria, data extraction form and synthesis methods. The protocol was revisited and refined in iterations after piloting each of the related review steps.
The second activity-conducting the review (as outlined in Fig. 1 )-is broken down to four main steps: data retrieval, study selection, data extraction and data synthesis. Our decisions in each of these steps are reported in Sections 3.1-3.4. To answer the research questions, an extensive search for research papers was conducted. During data retrieval, the boundaries of the systematic review were set. First, the keywords for the search were selected. These aimed at finding empirical research regarding GSE within software engineering. Therefore, we intentionally did not include such keywords as "outsourcing" and "offshoring". Furthermore, performing searches on full text ensured that, even though the terminology in GSE is rather diverse, the papers related to software engineering activities would certainly (in most cases) contain at least one of the terms that were used. In other words, we chose to use rather general terms for both dimensions used in the search (A and B as shown below). The papers were chosen if they reported on any type of empirical evidence or experience in relation to GSE. The subjects of the study could be either professional software developers or students. The final search strings were based on the experience from the pilot searches and consisted of a Full text-to avoid exclusion of the papers that do not include our keywords in titles or abstracts, but are still relevant to the review. Language:
The search strategy limited our search to the papers written in English. Publication period:
Since 2000
Papers published before 2000 were not included in the search. The main motivation for this was due to the fact that GSE as an effect of globalization is recognized as a 21st century trend (Friedman 2005) , and that studies conducted after 2000 are more relevant than studies being 10 years old or more.
The outcome of a search generally results in a rather high proportion of papers, which later are judged as being out of scope. Therefore it was insufficient to use the search strings as the sole criteria for deciding whether to include or exclude a specific paper. Thus, the researchers jointly decided the limits based on agreed criteria. This is also one reason why it is crucial that several researchers are involved in a systematic review.
All search results were documented carefully.
Study Selection
The objective of the study (paper) selection process was to identify the papers relevant for the objectives of the systematic review in accordance with the agreed scope. The search strings, as discussed in the previous section, were quite broad and hence it was expected that not all studies identified would make it to the final phase in the selection process. Study selection was performed in six relevance analysis phases as outlined in Table 1 . Each phase and the related decisions can be found in the online version of the process overview. It is worth emphasizing that the relevance analysis performed does not necessarily refer to evaluating the quality of a paper as such. All papers in the systematic review have been published and thus quality assured through peer-review. The relevance evaluation, in relation to the objective of the systematic review, was aimed at ensuring that the papers finally included where indeed focused on GSE and had sufficient details with respect to the empirical studies presented in the papers.
As an illustration of the selection of studies included and the boundaries of the systematic review, some examples are provided. Several papers referred to that a technique being the main topic in the paper could be applied in a global context. This type of papers was excluded from the study, since the researchers had not actually performed the described study in a global environment. Furthermore, some papers were general project management papers that could be applicable in a GSE context, but the application was not specific for GSE. These papers were also excluded. Thus, for a paper to be included it required that the empirical study was clearly conducted in a distributed setting and that the paper had a clear software engineering component. The latter may include a complete development process, or the study of a specific method, technique or tool in a GSE context. Thus, the objective of what to include and exclude respectively was clear already in the retrieval step, although it was infeasible to formulate search strings that excluded the type of papers mentioned here. Thus, these papers were excluded in the steps described below.
Data Extraction
A template for data extraction was developed to ease the process of synthesizing the gathered data. The template will be called scheme from now on. The scheme evolved from Table 2 . The scheme includes capturing data regarding relevance, empirical background, GSE background, and focus of the study presented. In addition, a qualitative evaluation of the papers was made. The latter was done to cross-check the view of the different researchers performing the review. Each of these areas is further elaborated in Table 2 . The extraction form is presented in its original form in Appendix 1.
To gain a common understanding of the data extraction strategy among the researchers, it was first piloted on a limited number of papers and then improved through a series of iterations. During the further review, papers were equally distributed among the four researchers for individual evaluation. The extracted data was documented using a template and then uploaded into an MS Excel tool, which was further used in the data synthesis phase.
Data Synthesis
Data extracted from the reviewed papers was analyzed quantitatively and qualitatively to answer the research questions. The classification scheme used in data extraction assisted in data categorization with respect to study population, empirical background, and findings of the studies.
We first aimed to summarize the main areas of empirical research related to GSE and drive the future directions in this area using quantitative summaries of the results. This Table 2 An overview of the extracted data from the papers in the systematic review To illustrate the data, we use bar-chart diagrams supplemented by references to the included papers (from Appendix 2). At the same time, as a part of addressing our research questions a more thorough analysis and narrative synthesis of the studies was performed, thus leading our work towards a systematic review. For this matter systematic maps based on bubble plots were used to illustrate the data (Petersen et al. 2008 ). We used multiple perspectives to highlight interesting relationships between different categories. However, due to the limited amount of data, statistical analysis was infeasible. Thus, we are limited to discussions about the results based on the systematic maps presented in Section 4. Qualitative data coding techniques were also used to characterize the focus of each study, including shared recommendations, main focus and success of the reported studies. The categories used to characterize the main focus of the studies were synthesized into the list of topics and mapped to the SWEBOK Knowledge Areas (Abran et al. 2004 ).
Finally, it should be noted that although all 59 papers were judged as relevant for the goals of the systematic review, while representing the answer to the research questions some of these papers were labelled as irrelevant for the specific investigation. For example, papers reporting on studies of students were regarded as irrelevant when we discussed the reasons for starting global collaboration (costs, competitiveness, quality, etc.).
Results
In this section, we present the results of the systematic review based on the 59 papers finally selected. The results are structured based on the research questions stated in Section 2.
The State-of-the-Art in Empirical Studies of GSE (RQ.1)
To answer RQ.1, an analysis based on five perspectives of the empirical literature in the GSE field is presented. The analysis is presented from the following five perspectives: Who, Where, What, How and Why in global software engineering. The following data represents the five perspectives:
-Types of global arrangements, including relation between participating organizations and perspectives of investigation, for example whether a study is conducted from the point of view of the originator of the work or the supplier in terms of development organization (who); -Geographical location of participating organizations (where); -Topics addressed in the studies (what); -Categorization of the empirical observations in terms of success and failure, i.e. how successful are the cases reported (how); -Reasons for engaging in globally distributed development, development methodologies and their relation to success of a project, as well as recommendations gathered in these empirical investigations (why).
Who is Involved in GSE?
Based on an empirical investigation, Poikolainen and Paananen (Poikolainen and Paananen 2007) argue that it is fair to assume that the findings and theories made for international companies (intra-organizational projects) may not directly apply in projects run by a chain of collaborating companies (inter-organizational projects). We thus aimed to understand, how different the GSE arrangements are with respect to objects of investigation, location and number of sites involved in collaboration, and whether the reader can easily evaluate the context of empirical findings of the analyzed studies. First we present an overview of arrangements that were used as empirical sources in the analyzed studies and proportion of unclear or irrelevant studies (see Fig. 2 ). From this we can see that 2/3 of the studies (the first three categories as illustrated in Fig. 2) were conducted in industry with the majority of studies coming from international companies. This may also indicate that the progress in the field of global software engineering starting with outsourcing in the end of the last century has driven companies to build joint ventures and international corporations as foreseen in related literature (Carmel 1999; Sahay et al. 2003 ). This includes multi-national companies having development sites in different countries. There are only few studies about inter-organizational collaboration. 10% of the analyzed studies were based on both inter-and intra-organizational distributed projects. About 25% of the studies used students as subjects in the investigation. These studies were in most cases joint projects between universities in different countries. Finally, the studies that were neither conducted in an organizational nor in a student setting were categorized as irrelevant. In particular, there were two papers based on open-source projects and one based on expert opinions.
An overview of the literature on IT outsourcing history before 2000 conducted by JaeNam Lee et al. (Lee et al. 2000) uncovered that most of the research in this area was conducted mainly by companies starting outsourcing collaborations, i.e from the perspective of customers because the objective of outsourcing was to self-maximize their internal resources without taking into account the supplier situation. It is likely that investigating GSE problems from a distance or using only a single perspective may influence the results of the studies, since some of the true reasons behind the problems with GSE can be hidden. Furthermore, some of the solutions applied in only one site may not have the desired effect of improving joint performance. Thus the perspectives of the analyzed studies were also captured (see Fig. 3 ). For this purpose we selected the following categories:
& Collaboration in general, if the study was conducted at, or addressed problems and solutions relevant for, all involved partner locations; & Supplier, if the study was conducted at, or addressed problems and solutions specific for, the sub-contractor (in inter-organizational collaboration) or a remote site that is receiving work tasks from the central location (in intra-organizational collaboration); & Originator, if the study was conducted at, or addressed problems and solutions specific for, the contractor (in inter-organizational collaboration) or the central location responsible for completion of the work being distributed across remote locations (in intra-organizational collaboration); Each paper is represented by a single category. Our results show that the vast majority of the analyzed studies are addressing collaboration between originators and suppliers. At the same time, the supplier perspective dominates over the originator perspective in single-perspective studies. Interestingly, most of the studies conducted from the originator perspective cover intra-organizational collaborations. There are also a number of studies with unclear perspectives; most of these studies had very vague background descriptions in general and the perspective could not be judged. The irrelevant category was common for student studies, since these studies are mostly based on joint project work as part of a course and do not have the intention to develop software used in commercial products.
The data also indicates that in contradiction to the previous observations (Lee et al. 2000) , there is an increasing number of studies conducted from the team perspective, thus showing the progress in analyzing the problems jointly.
Where are the Development Sites Located?
The origin and location of the sites involved in GSE collaboration may be important to understand the usefulness of the offered findings. The data provides an overview of the population of the analyzed studies. We have uncovered 28 different geographic locations of companies involved in GSE. Our findings show that the most frequently mentioned locations are Unites States (18 studies), India (13 studies), UK (5 studies), Germany (5 studies), and China (5 studies).
Complementing the results of Carmel and Abbott (2007) who analyzed locations of customers and suppliers mentioned in studies on nearshoring, the locations of the sites discussed in the analyzed studies are shown on Fig. 4 . Our mapping differs from △ Location of GSE suppliers from inter-organizational collaboration, in other words sites that were sub-contracted to do work from the originator; ▲ Location of GSE originators from inter-organizational collaboration, in other words sites that engaged one or more suppliers in completion of a joint project;
○ Location of international companies from intra-organizational collaboration.
Each country can be represented as either a location of particular type or a mixed type, and illustrated by a combined pictogram. Thus, each country has one pictogram and hence Fig. 4 does not capture the number of studies in a specific country.
Unfortunately, due to the limited amount of studies, it was impossible to derive any viable correlations of success, topic or even type of arrangement dependent on different locations.
Additionally we analyzed how highly distributed the analyzed GSE projects are by capturing the number of sites involved in the studied collaboration projects. For this case we counted only identifiable sources of empirical evidence-information about each collaboration project or case study that we could identify in the descriptions of empirical background. We identified 92 cases from 34 studies, thus some of the studies are overrepresented. For example, if a multiple case study was based on four student projects each involving two sites, we counted four for the two sites/students category. The categories and the results of the analysis are illustrated in a bubble plot diagram (as suggested by Petersen et al. 2008 ) with two dimensions to better represent the population of our review (see Fig. 5 ).
As can be seen, a clear majority of the identifiable sources of empirical evidence are studies on intra-organizational collaboration between two sites of a company. These findings emphasize the lack of inter-organizational studies once again. The amount of studies lacking clear description of the empirical background is quite high-we have counted 25 unidentifiable studies that are not present in Fig. 5 ; in eight of these studies the empirical background was irrelevant and in 17 studies it was not clearly described. 
What is Studied in GSE?
To understand what is known and what is not known about GSE we captured the topics of investigation and major focus of each study. This was done through a qualitative analysis of each study during the data retrieval process. Then, the identified topics were classified using broader categories. Additionally, we mapped these categories to the Knowledge Areas defined by SWEBOK (Abran et al. 2004 ). Each study is ultimately represented by a single category. Figure 6 shows an overview of the topics addressed by the analyzed studies.
Most of the studies were classified as managerial, since they address different aspects of managing distributed collaboration. Other studies were focused on a particular topic, practice or development phase. From these, the most popular topics of empirical investigation were requirements engineering, coordination and communication, and the application of agile processes.
How Successful are the Cases Reported in Literature?
In addition to capturing the topics, we investigated how successful reported cases were. Accordingly, while reading the papers we marked whether it was a success story, a failure story, a report on successful practices, failed practices or a problem report. The difference between success story and successful practice is that a success story refers to the success of a project or the case studied, and a successful practice is more limited in that it may be a reference to something successful within a project even if the project could have failed. The same reasoning is used for failure story and failed practice. Each paper can be represented by multiple categories in case of diverse conclusions or multiple-case studies (see Fig. 7 ).
Figure 8 illustrates our findings from multiple perspectives. In particular, we have classified the analyzed studies according to the Knowledge Areas defined by SWEBOK (Abran et al. 2004 ). The topics in Fig. 8 have been mapped to the Knowledge Areas in SWEBOK and these are illustrated with respect to the success or failure as described above. In addition, the studies are mapped to the Knowledge Areas in relation to the context in terms of inter-organization, intra-organizational, students, unclear or irrelevant.
To avoid multiple representation of a study in this particular case we have given 1/2 score for studies reporting on success and failure or both intra-and inter-organizational contexts.
We conclude that the majority of empirical research represents problem-oriented reports that focus on different aspects of GSE management. Interestingly, while student experiments address different knowledge areas, there is a lack of studies conducted in industrial environments that at the same time investigate a particular method, practice or aspect of software engineering knowledge areas. In particular there seem to be a lack of studies related to methods and tools for design, testing and quality. Even more notably there were no studies particularly addressing the SWEBOK knowledge areas of software construction, maintenance and configuration management, and hence these areas have been skipped in the figure.
These findings indicate that the field is still quite immature in terms of being more problemoriented than focused on solutions and particularly on empirically evaluated solutions. A much smaller group of papers discusses successful practices and shares lessons learned that are devoted to a variety of different topics. There are only a handful of clear success stories or clear failure stories that one can learn from. Several explanations may exist. It is possible that the complexity of globally distributed development makes it hard to identify specific reasons for either success or failure. It is also possible that it is due to the competitiveness, i.e. companies are not able to share failures since it may affect the perception of them.
Why are Companies Involved in GSE?
Although GSE has become popular for its promised benefits of cheaper, faster and better development of software products, empirical studies have indicated that achieving these benefits is not an easy task (Conchuir et al. 2006 ). In fact, it has been recognized that collaborations built upon a pure cost reduction strategy tend to fail. To understand the reasons why global software engineering projects fail, we studied the correlation between project success and the motivation behind "going global" decisions. We tried to deduce the necessary information from the analyzed collaborations. Although most studies provided general reasons for global software development in the introduction of the paper, only a few studies explicitly described the reasons for starting global collaboration in the investigated empirical cases (see Fig. 9 ). The irrelevant category was common for student studies and other experiments, since these do not involve any commercial decisions for outsourcing.
Our results show that in line with the related research (Karolak 1998) cost reduction remains the dominating motive for starting global collaboration. Interestingly, though some other reasons such as proximity to market, extra people and knowledge, are also mentioned, they usually supplemented cost reduction motives and only three studies did not mention costs as one of the reason for global collaboration, i.e. after having removed the unclear and irrelevant categories. Since practitioners are still searching for recipes for success in managing globally distributed projects, we wanted to understand whether any pattern could be identified, for example, in terms of usage of a specific development methodology (see Fig. 10 ).
To our great disappointment, we found that information about development methodologies was very vague. In 40 cases we could not determine this information, and in five cases it was irrelevant (these were omitted from the figure). Agile methods were the most popular among the identifiable studies, followed by RUP (three cases), incremental (two cases) and iterative development (two cases). Though our data is not sufficient to make any reliable conclusion, it provides an interesting overview of methodologies tried in a distributed context. We may also observe that agile, incremental and iterative development form a group of related methods that are gaining interest in GSE as well. As expected, the data also indicates that other factors than just a methodology determines success or failure of global projects, since the results of the studied projects vary.
As mentioned earlier, there seems to be no recipe for successful global collaboration, although some papers address best practices and give practical recommendations. These practices and their potential benefits and their corresponding constraints are presented in Table 3 . Interestingly, the qualitative analysis of these recommendations indicates a conflict between cost saving strategies of the companies starting global collaboration and amount of investments necessary for their implementation (see Table 3 ). This may also explain why achievement of successful collaboration in a globally distributed environment is problematic (or at best challenging).
Geographical, temporal and cultural differences are found to have a significant effect on how distributed team members interact, in particular, many challenges have been found in relation to communication, coordination and control (Ågerfalk et al. 2005 ). Our findings indirectly support these observations and suggest that the most frequently discussed practices focus on these areas of concern. These recommendations address different aspects of work: human, technical and process. Human-oriented practices suggest addressing communication, interaction and teamwork. Interestingly, while distributed development is mainly characterized by a geographical separation, empirical findings urge to collocate team members as much as possible to facilitate effective teamwork ). Technical-oriented practices, on the other hand, focus on implementing effective It is also notable that through these practices organizations try to minimize the exposure of geographical, temporal and cultural separation by requiring regular visits and synchronous work. While the mentioned practices have been widely discussed as a prerequisite of success, it also means that successful distributed work has limitations. We thus claim, that in order to correspond to the best practices in GSE, organizations shall either be prepared to ensure significant investments into team support (travels, communication and coordination overhead), or alternatively consider collaboration with nearshore locations. This is in line with conclusions of Carmel and Abbott (2007) who state that, when sourcing abroad, a growing number of companies now weigh whether the location is near or far.
Summary
We summarize the answer to the RQ.1 by concluding that most of the empirical findings presented in the analyzed studies are based on intra-organizational industrial collaboration between two geographically distributed sites. USA and India remain the major players in GSE or at least the main sources of empirical investigation represented in the related literature. There is a clear lack of studies about inter-organizational collaboration and highly distributed projects with more than just two collaborating partners. The amount of studies with mixed, not described or unclear contexts is relatively high. This burdens the understanding of applicability of the results and requires additional effort from the readers. Accordingly, we encourage researchers to thoroughly describe the contexts of the undertaken studies.
Concerning the content of the studies, we conclude that the majority of empirical research represents problem-oriented reports that focus on managerial aspects. There is a clear lack of studies conducted in industrial environments that investigate a particular method, practice or aspect of software engineering. Only few papers address successful practices and share lessons learned, although it is possible to deduce some best practices as listed in Table 3 .
Suggested practices address communication and collaboration challenges and tend to minimize geographical, temporal and cultural separation. At the same time, implementation of these practices often requires additional investments, thus conflicting with the cost saving strategies. This indicates that nearshoring is an alternative solution that may enable more successful collaboration, although it may not result in the cost-savings intended. Another notable trend is adoption of more human-centred agile approaches that have a potential of positively affecting the quality of collaboration across distance.
Strength of Empirical Evidence (RQ.2)
As a part of the systematic review we investigated the nature of empirical evidence presented in the GSE studies and analyzed the type of studies conducted. The main motivation being that different types of empirical studies provide different strengths of evidence. Practitioners should take the strength of evidence into consideration when deciding on GSE practices based on the existing literature. Thus, it is important to understand the state of research methods used when studying GSE.
Sources of Evidence
Reading the methodological descriptions of the analyzed studies we captured sources of empirical evidence to understand the viability of the offered findings. We did not judge the claims of the researchers and made no corrections, thus the resulting map has repetitions and may be perceived as lacking the desired clarity (see Fig. 11 ). The first column from the left represents the main method used by the researchers, and the following columns reflect additional sources of evidence. For example, we identified 34 case studies and in 23 of these the authors mention that they have performed interviews as part of the case study. In nine of these 23 studies the researchers also mentioned that they performed a document analysis, and so forth. However, it is important to note that this is how the authors presented the methodology. It may very well be the case that in the eleven case studies not reporting a sub-method, such as interviews, the researchers used a sub-method but did not report it. Once again it points to the need for clear presentations.
The analysis of the studies shows that the majority of research is exploratory case studies. In many of these cases the researchers have collected data and report on challenges, problems and success factors for GSE.
Research Approaches
Since research within immature disciplines tends to be more exploratory in nature than research in mature fields that focuses more on testing hypothesis, methods or tools, our review also addressed evaluation of the proportion between empirically-based versus empirically-evaluated research in the GSE field (see Fig. 12 ). Here we refer to empiricallybased as a study basing its conclusions on empirical data, but not performing any actual empirical evaluation. If doing the latter, be it a practice, a method, a framework or a tool, it is referred to as empirically-evaluated research. As previously noted, half-scores were rewarded to papers that had addressed several categories. As can be seen in Fig. 12 there was one research paper that included both students and practitioners in the reported study. Figure 12 shows that a majority of the studies are based on empirical data. Only 11 out of 59 studies were classified as empirically evaluated research, i.e. where the researchers actually evaluate a method, technique or tool for GSE. It is notable that most of studies performing an empirical evaluation are laboratory experiments using students as subjects, which leaves very few studies evaluating software engineering methods, techniques and tools in an industrial environment where GSE is practiced.
Relevant and Irrelevant Studies
One of our observations from conducting the systematic review addresses the ability for readers to search and find empirical studies in the GSE. Using the most popular terms related to the field, our search strategy revealed 387 studies, but only 59 papers were recognized as relevant after performing a thorough relevance evaluation. As stated above, although a paper is relevant for the goal of the systematic review it may for a specific investigation be irrelevant. This means that only 15% of the found studies qualified for the review. An overview of each step of the study selection/exclusion process is described above in Table 1 in Section 3.2.
Because we used our search criteria on full text, the search results provided a relatively high number of irrelevant studies. However, we do not advise the readers to use the same keywords on titles, since we found relevant papers that contained none of the searched keywords in their titles, or instead used very diverse keywords, such as distributed product management, globally distributed workforce, offshore outsourcing, global software teams, virtual teams or distributed teams.
The analysis shows that a majority of excluded studies was either not specifically focused on GSE or was GSE-related but not empirical studies. As stated above, it was observed that several studies were not studies conducted in a GSE context; instead they mentioned that the results could be relevant in a GSE context. Thus, the authors identified the potential relevance of their research for a GSE context, but given that it is mostly conjectures on behalf of the authors these papers have been excluded from the final data set. Several authors also report the same (or very similar) results in multiple publications, which we eliminated to avoid bias of the results. The list of the 59 included studies can be found in Appendix 2.
Summary
Summarizing the findings in relation to RQ.2, we report that the analyzed study material comes from different sources. More than half of the papers describe case studies, which are mainly based on interviews. All of the controlled experiments are conducted in laboratory setting using students as subjects, except for one that is an industrial pseudo-experiment.
It is also important to mention that deducing the methodological part of the studies was not an easy task. Many studies have vague descriptions of both empirical background and methods of investigation. Lacking evidence of empirical sources was also one of the major reasons for exclusion of the papers during the full-text review. The analysis indicates that the GSE field is still in an immature state with a lack of empirical evaluation of methods, techniques and tools in an industrial context.
Validity Threats
One of the general ideas with a systematic review is to capture the current status of an area given that, for example, the search is made systematically and it is clearly shown how the review was conducted. This should be borne in mind when considering threats to the validity of the findings from a systematic review. Three types of validity should be considered: external validity that is the possibility to generalize the findings, construct validity that is concerned with obtaining the right measure and finally reliability (or conclusion validity) is related to the ability to replicate and to come to the same findings if the study is being done again.
In general, the external validity and construct validity are strong for a systematic review. The key idea is to capture as much as possible of the available literature to avoid all sorts of bias. The main challenge in addressing these threats in our systematic review was to define the scope of our investigation, since global software engineering refers to cross-disciplinary knowledge areas. We have chosen to focus on empirical software engineering research and not cover other related disciplines. This is the main limitation of our findings. It is worth noting that a systematic review is per definition limited by search date, sources used in the search and terminology used in the search. As part of the work we have observed the challenges in covering several different disciplines such as software engineering, information systems and management. In some cases these disciplines use different terminology, which makes cross-disciplinary searches much harder than just searching another database. This is a challenge that must be addressed to overcome some of the limitations, and hence enabling possibilities of making progress in, for example, such an area as global software engineering (or if using a similar, but broader term global software development).
Another challenge with a systematic review is addressing the reliability threats. The reliability is addressed and mitigated as far as possible by involving several researchers, and having a scheme, a process and several steps where the scheme and process were piloted and hence evaluated. If the study is replicated by another set of researchers, it is highly likely that some papers that were removed in our study will be included and other papers would be excluded. However, it is highly unlikely that these random differences based on personal judgments would change the general findings. It may change the actual numbers somewhat, but it is not likely that it would change the overall findings. Thus, it is concluded that in general we believe that the validity of the study is high given the use of a very systematic procedure and the involvement and discussion among four researchers.
In summary, the openness in a systematic review when it comes to search strategy, criteria and so forth allows other researchers to judge the trustworthiness of the results more objectively.
Conclusions
The interest, in software development performed by geographically, temporally and/or culturally diverse teams, started with outsourcing in the last 10-20 years and continues to increase. The importance of the area means that it now deserves to be addressed as a specific area of research and practice called global software engineering (GSE). In this article we described the results of our systematic review of GSE-related empirical research aiming to evaluate the current state-of-the-art in the field.
Principal Findings
Looking back, Loh and Venkatraman in 1995 emphasized that despite its popularity no research could determine the exact recipe for effective outsourcing performance (Loh and Venkatraman 1995) . In 2006, Damian and Moitra in their introduction of the IEEE Software special issue on global software development declared: "although it's true that a body of knowledge on global software development has been crafted over time, the art and science of organizing and managing globally distributed software development is still evolving" (Damian and Moitra 2006).
In response to RQ1, the systematic review confirms these views, as the amount of GSErelated empirical studies is still relatively small. However, we note that in order to provide an absolute judgement, more investigation into cross-disciplinary research work is necessary. The analysis of the empirical studies included in the systematic review thus shows that the GSE field is still in an immature state with a lack of empirical evaluation of methods, techniques and tools in an industrial context. With respect to RQ2, we discovered that a majority of empirical research represents problem-oriented reports focusing on different aspects of GSE management rather than in-depth analysis of particular practices or techniques.
We have also identified seven most frequently discussed practices that are highlighted as prerequisites for success. These practices, however, often conflict with the cost reduction strategies of the organizations that start collaboration with remote locations. While the mentioned practices have been widely discussed as a prerequisite of success, it also means that successful distributed work has limitations.
Implications for Practitioners
The systematic review of empirical literature in GSE helps to observe the state-of-the-art as well as the state-of-practice in relation to the field of global software engineering. Analyzing the current status, we draw a parallel between previous observations in industry and empirical research today. In 2001, Carmel and Agarwal (2001) wrote that various managers are experimenting and quickly adjusting their tactical approaches for leveraging global software development risks. This is also reflected by the empirical literature, since the majority of the studies that we found are exploratory studies with the main emphasis on the difficulties with GSE and lessons learned from experience. While analyzing the used methodologies, the number of sites, their locations and other project characteristics, we could not determine any strong correlation with their success. On the other hand, the most frequently discussed practices aim at minimizing the exposure of geographical, temporal and cultural separation by emphasizing regular visits and synchronous work. This ultimately requires additional investments and conflicts with the main driver for global software development, namely, the cost reduction strategy. Thus, we conclude that there is still no recipe for successful and efficient performance in globally distributed software engineering.
Nonetheless, the reported best practices and lessons learned may help practitioners to better understand the nature of GSE projects and analyze the problems associated with distributed collaboration.
Implications for Future Research
The analysis of the topics and the nature of the investigated studies uncovered several areas that require empirical results.
1. There is a clear lack of studies about inter-organizational collaboration and about highly distributed projects. 2. The coverage of topics in GSE-related literature also points out a gap regarding indepth empirical investigations addressing particular aspects of software engineering. Thus, future research ought to evaluate different practices, methods and techniques rather than mainly focus on managerial problem-oriented lessons learned. 3. Since benefits of distributed software development are discussed and the benefits are sometimes controversial, future research shall focus on measuring and reporting evidence of success and failure of the studied cases, as well as capturing major benefits and the overall return on investment of GSE. Together with thorough descriptions of the context, this should enable a possibility to measure the correlation between different characteristics of the GSE projects and their success, and help to derive support for beneficial collaboration.
As already noted, obtaining the papers with empirical data related to the topic of our systematic review was one of the main challenges since globally distributed work is a crossdisciplinary research frontier. To obtain a comprehensive review across disciplines, the terminology used in the searches has to be adapted to cover the terminology of the different disciplines. Thus, we conclude that in the future attention should be paid to bridging the findings brought up by different disciplines and harmonizing the terminology.
Another difficulty that we faced was related to the process of deducing and collecting information about the empirical background of the analyzed studies. This underlines the necessity for thorough descriptions of contexts in which the reported studies are carried out. This is particularly important in GSE-related research, since lessons learned in one context may not directly apply in another context. The classification scheme can be used as a guide for structuring these descriptions (BLINDED VERSION).
